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論 文 内 容 の 要 旨 
 
Chapter 1 Introduction 
All cities in the world are facing a growing challenge of traffic congestion. Some theories and facts in 
transportation field have proved that the traditional measures (e.g., building a new road or expanding the road 
capacity) for easing the traffic congestion is not always effective. Therefore, researchers began to change their 
attention on the development of traffic forecasting models. However, some studies (see Daganzo, 2007) pointed 
out that it is difficult to put these forecasting models into practice, because they have some limitations such as the 
requirement for many detailed traffic information (e.g., dynamic origin-destination). 
To solve these problems above, Daganzo (2007) proposed a macroscopic observation-based model called 
Macroscopic Fundamental Diagram (MFD) that relates the number of vehicles and area's traffic production. 
From then on, many studies began to investigate the MFD features and its application using simulated and 
empirical approaches. However, eight years have passed, we still do not understand the robust features of MFD 
and its formation mechanism for urban road networks (including street and expressway networks). The reasons 
consists of two parts: (1) the number of empirical studies is much few; (2) previous studies only explored the 
relationship between the MFD features and some factors (e.g., spatial distribution of link density). Therefore, in 
order to fill the gap, this thesis aims to clarify the robust features of MFD and capture its formation mechanism 
for several urban road networks in Japan using long-term detectors data. 
 In order to achieve these two aims, in this study, we use the long-term detectors data to explore the robust 
features of MFDs and characteristics of congestion pattern for street networks in Sendai (Chapter 2), Kyoto 
(Chapter 2), Naha (Chapter 3) and metropolitan expressway networks in Tokyo (Chapter 4). Here, the long-term 
detectors data means the data during one year, 5/1/2012-4/30/2013 for Sendai, Kyoto and Naha street networks, 
1/1/2014-12/31/2014 for Tokyo metropolitan expressway networks. Using these long-term detectors data, we can 
clarify the robust features under different traffic demand condition (e.g., sunny weekday vs. sunny weekend) and 
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network supply condition (e.g., sunny day vs. bad weather day). 
 
Chapter 2 Formation of Hysteresis Loop in MFDs for Urban Street Networks 
This chapter aims to (1) explore the MFD features for urban street networks in Sendai (Miyagi prefecture) and 
Kyoto (Kyoto prefecture); (2) investigate the relationship between the MFD features (formation of hysteresis 
loop) and congestion pattern. In order to achieve these goals, we use the observed data of 5-min periods 
throughout one year (5/1/2012-4/30/2013) to analyze the characteristics of MFDs and congestion pattern.  
The important findings of empirical analysis are as follows: (1) the hysteresis loops always form in MFDs on 
sunny weekdays for Sendai street networks and sunny weekends for Kyoto street networks; (2) MFDs on bad 
weather days always have different shape (e.g., the traffic production decreases, the variation (the range of traffic 
production for each accumulation) increases) when the rainfall or snowfall increases; (3) under the same 
accumulation level, the relationship between the traffic production and the number of queue-spillbacks is almost 
negative linear (it verified the conclusions from previous empirical studies, see Mazloumian et al., 2010, Knoop 
et al., 2011, Mahmassani et al., 2013); (4) the high number of queue-spillbacks is corresponding to the 
centralized distribution of congested links in some parts of these two road networks; (5) the spatial distribution of 
destinations may affect the congestion pattern obviously. 
The chapter in the thesis is organized as follows: Section 2.1 introduces the outline of this chapter. Section 2.2 
describes the Sendai and Kyoto street networks and the observational data that is directly obtained from fixed 
detectors. Section 2.3 explores the MFD features under various conditions such as different traffic demand and 
network supply conditions. Section 2.4 analyzes the relationship between the formation of hysteresis loop in 
MFDs and the congestion pattern. Section 2.5 summarizes the conclusions of this chapter and suggests some 
directions for future research. 
 
Chapter 3 Occurrence of Congested Regime in MFDs for Urban Street Networks 
This chapter aims to (1) explore the MFD features for urban street networks in Naha (Okinawa prefecture); (2) 
investigate the relationship between the MFD features (occurrence of congested regime) and congestion pattern; 
(3) explain the occurrence mechanism of congested regime in the MFD (using a simulation-based model). In 
order to achieve these goals, we use the observed data of 5-min periods throughout one year 
(5/1/2012-4/30/2013) to analyze the MFD features and congestion pattern.  
The important empirical findings of this chapter are as follows: (1) the occurrence of congested regime is not a 
rare phenomenon (it occurs on 20.3% of sunny and rainy weekdays and 4.2% of rainy weekends) for Naha CBD 
street networks; (2) the MFDs with congested regime on sunny weekdays exhibit higher critical accumulation, 
higher maximum traffic production and lower variation than that on rainy weekdays; (3) under the same 
accumulation level, the relationship between the traffic production and the number of queue-spillbacks is almost 
negative linear; (4) if the number of queue-spillbacks exceeds its critical value, the congested regime occurs 
gradually with the significant increase of the number of queue-spillbacks (it verified the conclusions from 
previous empirical studies, see Geroliminis and Skabardonis, 2011); (5) the high number of queue-spillbacks is 
corresponding to that the congestion spreads in some parts of the analysis area (e.g., Route 58 and Route 330) 
where the traffic demand are high; (6) the existence of skewed intersection and vehicle merge spot, set of 
dedicated bus lane are the important reasons for the occurrence of congested regime in MFDs on Route 58 and 
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Route 330; (7) the well-defined MFD with congested regime and low scatters only exists on Route 330.  
The important conclusions from the simulated analysis show that (1) the continuous high traffic demand (in the 
most upstream) and decrease of intersection capacity (in the most downstream) are the two fundamental reasons 
for the occurrence of congested regime in MFDs on a single link (e.g., Route 330); (2) the recovery of 
intersection capacity (due to the end of dedicated bus lane) is an important reason for the increase of traffic 
production during the traffic unloading process. 
The chapter in the thesis is organized as follows: Section 3.1 introduces the outline of this chapter. Section 3.2 
describes the Naha CBD street networks and the observational data that is directly obtained from fixed detectors. 
Section 3.3 explores the MFD features under various conditions such as different traffic demand and network 
supply conditions. Section 3.4 analyzes the relationship between the occurrence of congested regime in MFDs 
and congestion pattern. Section 3.5 establishes a simulation-based model to capture the occurrence mechanism of 
congested regime in MFDs. Section 3.6 summarizes the conclusions of this chapter and suggests some directions 
for future research. 
 
Chapter 4 MFD Features for Expressway Networks 
This chapter aims to (1) explore the MFD features for Inner Circular Route in Tokyo metropolitan expressway 
networks; (2) investigate the relationship between the MFD features (formation of hysteresis loop, occurrence of 
congested regime) and congestion pattern; (3) capture the formation mechanism of these MFD features using a 
simulated approach. In order to achieve these goals, we use the observed data of 1-min periods throughout one 
year (1/1/2014-12/31/2014) to analyze the characteristics of MFDs and congestion pattern.  
The important findings of empirical analysis show the following: (1) the occurrence of congested regime and 
the formation of hysteresis loop in MFDs are the common phenomena on sunny and rainy weekdays; (2) 
triangular shaped MFDs with low scatters can be observed on some weekdays; (3) the ratio of weighted average 
traffic flow (its value = traffic production / the sum of length for all road sections in analysis area) and trip 
completion may change within-day and day-to-day (that is different from the conclusions from the previous 
study, see Geroliminis and Daganzo, 2008); (4) if the number of queue-spillbacks (or congested destinations) 
exceeds its critical value, the congested regime occurs gradually in an MFD with the increase of the number of 
queue-spillbacks (or congested destinations); (5) the relationship between the traffic production and the number 
of queue-spillbacks (or congested destinations) under the same accumulation level is almost negative linear; (6) 
the large number of queue-spillbacks (or congested destinations) are caused by the congestion spreading in some 
fixed parts of the Anti-clockwise and Clockwise Route during the entire year.  
The important conclusions from the simulated analysis shows that (1) the existence of bottleneck (vehicle 
merge spots in Inner Circular Route) and the continuous high traffic demand are the two fundamental reasons for 
the occurrence of congested regime in MFDs; (2) the decrease of exit flow rate of networks due to the congestion 
spreading is an important reason for the occurrence of congested regime; (3) if the exit flow rate decreases 
quickly, during the formation of congested regime, the traffic production also decreases quickly (the slope of 
congested regime is small); (4) the area of hysteresis loop may become small if the congestion (bottlenecks) 
distributes evenly in the networks; (5) the recovery of network performance (exit flow rate) due to the congestion 
elimination and the high traffic demand from some JCTs are the two important reasons for the increase/holding a 
certain value of traffic production during the traffic unloading process. 
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The chapter in the thesis is organized as follows: Section 4.1 introduces the outline of the chapter. Section 4.2 
describes the Tokyo metropolitan expressway networks and the observational data that is directly obtained from 
fixed detectors. Section 4.3 explores the MFD features under various conditions such as different traffic demand 
and network supply conditions. Then, we examine the relationship between the weighted average traffic flow and 
trip completion. Section 4.4 analyzes the relationship between the MFD features and the congestion pattern. 
Section 4.5 explains the formation mechanism of MFD features using a simulated approach. Section 4.6 
summarizes the conclusions of this chapter and suggests some directions for future research. 
 
Chapter 5 Conclusions 
The final chapter aims to summarize the important fact findings, conclusions obtained in this thesis and suggest 
some relevant research directions for future works. Based on the contributions of this thesis, we can roughly 
divide the further works into two parts: (1) Using these existing long-term detectors data from different urban 
street and expressway networks, what else can we do? (2) Do not use the detectors data, what are the research 
themes which have not been focused on by previous studies and have high theoretical and practical value. 
For the first part: we propose some research topics below: (1) Dynamic/Static network partitioning method; (2) 
Formation mechanism of MFD features in Sendai and Kyoto street networks; (3) Arrangement of detectors in 
urban street networks; (4) Forecasting of macroscopic traffic states in one region; (5) Relationship between the 
MFD features and road networks structure. For the second part: we propose the following research topics below: 
(1) Network partitioning method without detectors data; (2) The relationship between the MFD features and 
spatial distribution of destinations; (3) Macroscopic traffic information providing; (4) Development of congestion 
pattern and MFD-based control scheme; (5) Evaluation of the macroscopic traffic states using the MFD. Overall, 
this thesis contributes to the robust features of the MFD and its formation mechanism using the long-term 
detectors data from several urban road networks in Japan. Based on the contributions of this study, it is possible 

















理論研究で示唆されていた MFD の特性の頑健性を検証したうえで，MFD の形成メカニズムを明ら
かにしている点も，本論文独自の貢献である． 
 本論文は全編 5 章からなる．第 1 章は，序論であり，まず，MFD の既存（理論と実証）研究の
問題点を整理する．その上で，本研究で長期間の観測データに基づいた MFD の特徴付け，MFD の
形状特性と空間的な渋滞パターンの対応関係の分析，MFD の形状特性の形成メカニズムの解明の
意義を示している． 








 第 3 章では，那覇市 CBD の一般道路ネットワークを対象として，渋滞領域が頻繁に発生する MFD
の形状特性，および，その形成メカニズムを分析している．より具体的には，まず，以下の事実
を明らかにしている：1）平日の約 20%の日で MFD の渋滞領域が発生する；2）渋滞領域が発生し
ても，ヒステリシス・ループは発現しない；3）渋滞延伸数がある臨界値を超えると，渋滞延伸数
の増加につれて，MFD の渋滞領域が徐々に拡大する；3）那覇市ネットワーク全体の MFD の渋滞領
域の発生は，特定のサブ・ネットワーク（国道 58 号と 330 号）の激しい渋滞延伸と対応してい




 第 4 章では，東京都の高速道路ネットワーク（首都高速道路ネットワークの都心環状線）を対
象として，ヒステリシス・ループと渋滞領域が発生する MFD の形状特性とその形成メカニズムを
明らかにしている．その主な結論は以下の通りである：1）１年間の観測期間を通じて，ヒステリ









 よって，本論文は博士(情報科学) の学位論文として合格と認める． 
